PURPOSE-The long-term effects of neoadjuvant androgen deprivation therapy (NADT) with radiation therapy on participant-reported health-related quality of life (HRQOL) have not been characterized in prospective multi-center studies. We evaluated HRQOL for 2 years among participants undergoing radiation therapy (RT) with or without NADT for newly diagnosed, earlystage prostate cancer.
INTRODUCTION
Androgen deprivation therapy (ADT) strategies play a crucial role in the radiotherapeutic management of men with intermediate and high risk prostate adenocarcinoma. The addition of short-term and long-term ADT to radiation, respectively, has improved overall and cancer-specific survival in multiple randomized trials (1) (2) (3) (4) (5) (6) (7) (8) . Despite its benefits, ADT has a number of potential side effects including sexual dysfunction (9) , osteoporosis and bone fractures (10) , vasomotor symptoms (hot flashes) (11) , decreased muscle and increased fat (12) , fatigue (13) , anemia (14) , and thromboembolic events (15) among others. A systematic evaluation of health related quality of life (HRQOL) has not been a component of most of these trials.
The time course and severity of ADT side effects in men receiving definitive RT for prostate cancer has not been extensively characterized using validated, participant-reported HRQOL instruments. A recent publication of from the PROST-QA (Prostate Cancer Outcomes and Satisfaction with Treatment Quality Assessment) consortium focused on the short-term (2 month) effects of neoadjuvant androgen deprivation therapy (NADT) (16) . In this study, we compared HRQOL outcomes over time in men receiving external beam radiation therapy (EBRT) or brachytherapy (BT) with or without NADT.
METHODS AND MATERIALS Centers and Subjects
We analyzed longitudinal cohort data from the Prostate Cancer Outcomes and Satisfaction with Treatment Quality Assessment (PROST-QA) consortium, a multi-institutional prospective study conducted at nine university-affiliated clinical sites across the US. Participants with early stage (T1 or T2) prostate cancer were recruited between 2003 and 2006 (17) . The study was approved by the Institutional Review Board and judged compliant with the Health Insurance Portability and Accountability Act (HIPAA) at each center. Participants were ineligible for the study if they had received any prior therapy for prostate cancer. All participants provided signed, informed consent to participate.
In the PROST-QA trial, primary treatment could consist of radical prostatectomy, EBRT or BT. The selection of primary treatment modality was left to the discretion of the treating physician and the participant. At the time of this analysis, 1,201 men with localized prostate cancer had been registered to the PROSTQA study. Of these men, 603 (50.2%) had elected to undergo radical prostatectomy, 5 (0.42%) had more than 12 months NADT duration, 288 (24.0%) had EBRT, 285 (23.7%) had BT, and another 20 (1.7%) participants received a combination of EBRT with a BT boost, ADT, or both.
The decision to administer NADT was left to the treating physician, and typically started 2 months prior to the initiation of RT. We decided to focus this analysis on the participants who were treated with definitive EBRT or BT monotherapy with or without NADT for 12 months or less. In the BT plus NADT group, the median ADT duration was 4 months (range 1 -8 months), while in the EBRT plus NADT group the median ADT duration was 3 months (range 1 -12 months). Specifically, 202 participants received EBRT only, 86 EBRT plus NADT, 271 BT only and 14 BT plus NADT. NADT consisted of luteinizing hormonereleasing hormone (LHRH) agonists and/or antiandrogens. Two patients in the EBRT plus NADT, and four patients in the BT plus NADT groups received antiandrogens only. Of the patients receiving EBRT plus NADT or BT plus NADT, 79 % and 91% had <6 months of NADT, respectively.
Measures
At registration, pre-treatment demographics, cancer severity, and treatment details were recorded. HRQOL was measured with the EPIC-26 instrument self-reported by computer assisted telephone interviews prior to NADT, and at 2, 6, 12, and 24 months. The EPIC 26item questionnaire has been validated (18) and measures prostate cancer-specific HRQOL (19) in men with early and advanced prostate cancer. The questionnaire consists of four summary domains (urinary, bowel, sexual, and vitality/hormonal) as well as two urinary subscales (incontinence and irritative/obstructive). Each summary domain contains function and bother subscales. Participant responses to questions are transformed to a 0-100 scale where higher scores represent better HRQOL. Norman et al. recommend that a clinically meaningful change in function is defined as a change of greater than one half the standard deviation in an HRQOL score (20) .
Six questions in the sexual domain and 5 questions in vitality/hormonal domain were analyzed. A previous publication focused on the short-term effects of ADT (21) at 2 months. Instead, we focused on longer-term responses at 6, 12 and 24 months.
Statistical Analysis
The responses to the individual questions were dichotomized as seen in Table 2 and Table 4 , thus combining one or more higher-severity items in one category, and one or more items of less severity in another as was done in the original publication (17) . For a given treatment modality, responses were further grouped according to NADT or no NADT. Descriptive percentage of responses per group were reported according to treatment modality: EBRT (Table 2 and 4) , and BT ( Table 3 and 5) . There was only a 44.4% power to detect an effect size of 0.5 using the sample sizes of 14 participants in the BT plus NADT group and 271 participants in the BT group with a type I error of 5%. The generalized estimating equation (GEE) model was used to analyze the longitudinal data, in which the correlation among the repeated measures from the same participant need be considered. The p-values of the interaction term in the GEE model were estimated to assess whether the percentages at each time point between No NADT and NADT groups were the same. The GEE model does not work for some questions because of the small sample size, and in those cases the Cochran-Mantel-Haenszel test was considered. Missing data was treated as missing at random and excluded from the GEE analysis. Table 6 shows the baseline vs 24 months, and 6 months vs 24 months as percentage difference for participants who shifted to the worse dichotomized category for a given question. We chose these comparisons because we wanted to compare the baseline with the least symptoms versus the long term or 24 time month time point, and 6 months, where symptoms tend to be worse, versus the long term or 24 time month time point. The Chisquare or Fisher's Exact test was use to compare the percentages of shift between the No NADT and NADT groups. All analyses were conducted using SAS (SAS Institute, Cary, NC) at the two-sided 5% significance level. Table 1 shows the characteristics of the patients. Patients receiving NADT had a higher overall cancer severity, and consequently had higher PSAs, higher Gleason scores, higher T stages, a higher proportion of biopsy cores with cancer, and higher rates of pelvic lymph nodes treated. The sexual domain responses for the EBRT and BT groups are listed in Table  2 and Table 3 , respectively. In the sexual domain for the EBRT group, for all questions except for "how big a problem has your sexual function or lack of sexual function been" there was a marked statistically significant difference between those who did or did not receive NADT. The vitality/hormonal responses for the EBRT and BT groups are listed in Table 4 and Table 5 , respectively. In the hormonal/vitality domain for the EBRT group, patients receiving NADT did statistically worse on the lack of energy question. Figures 1a to 1f show the 6 statistically significant question comparisons, respectively: frequency of erections ( Fig. 1a ), quality of erections ( Fig. 1b ), ability to have erection ( Fig. 1c ), ability to reach an orgasm ( Fig. 1d ), ability to function sexually ( Fig. 1e ) and lack of energy ( Fig. 1f ). Table 6 compares the baseline vs 24 months, and 6 months vs 24 months percentage difference for participants who shifted to the worse dichotomized category for a given question. When looking at "Your ability to reach orgasm (climax)," 24.4% of EBRT plus NADT participants compared to 13.9% of EBRT participants shifted from "Fair/Good/Very good" at baseline to "Very poor to none/Poor " at 24 months. There was also a statistically significant shift to the worse dichotomized category for "How would you describe the usual QUALITY of your erections during the last 4 weeks?" and "Overall, how would you rate your ability to function sexually during the last 4 weeks?" between the EBRT plus NADT, doing worse, and EBRT groups for the baseline versus 24 month comparison. For the EBRT plus NADT and EBRT group baseline versus 24 month comparison, there was no statistically significant shift for the hormone/vitality questions.
RESULTS
When examining the 6-vs 24-month sexual comparison, when looking at "Your ability to have an erection," 2.3% of EBRT plus NADT participants and 10.4% of EBRT participants shifted from "Fair/Good/Very good" at 6 months to "Very poor to none/Poor " in 24 months. There was also a statistically significant shift to the worse dichotomized category for "Your ability to reach orgasm (climax)" and "How would you describe the FREQUENCY of your erections during the last 4 weeks" between the EBRT, doing worse, and EBRT plus NADT groups for the baseline versus 24 month comparison. For the EBRT plus NADT and EBRT group 6-vs 24-month comparison, there was no statistically significant shift for the hormone/vitality questions.
In both the baseline vs 24-month and the 6-vs 24-month BT plus NADT versus BT comparison, there was no statistically significant shift for any of the sexual or hormone/ vitality questions. However, the numbers in BT plus NADT group were small and insufficient to reach any meaningful conclusions when compared with the BT group.
DISCUSSION
Patients receiving EBRT plus NADT had worse HRQOL, as measured by frequency of erections, quality of erections, ability to have erections, ability to reach orgasms, ability to function sexually, and lack of energy. However, when comparing baseline versus 24 months, only ability to reach orgasms, quality of erections, and ability to function sexually are significant. It is reassuring that patients were not worse at 24 months for the majority of the sexual and hormone/vitality questions. This is important, because for intermediate-risk disease and high-risk disease patients, the addition of short-term and long-term ADT to radiation, respectively, has improved overall and cancer-specific survival in multiple randomized trials (1) (2) (3) (4) (5) (6) (7) (8) .
Although the initial report from the PROST-QA trial provided valuable insights into the HRQOL impact of radical prostatectomy, brachytherapy, or external-beam radiation therapy in prostate cancer participants (17, 22) , there is surprisingly little data on the long adverse effects from NADT on men. A recent publication based on the PROST-QA database reported the 2-month QOL outcomes on 71 participants receiving RT and NADT (16) . In this study we included men who did not receive NADT for comparison. Specifically, we included 202 men who received EBRT only, 90 EBRT plus NADT, 286 BT only, and 20 BT plus NADT. All available QOL time points up to 24 months were included for a better understanding of the long-term treatment effects of NADT. The Medical Research Council RT01 trial, which delivered 3-6 months of NADT plus 64 Gy or 74 Gy in 2 Gy fractions, addressed the short-term effects of NADT using the UCLA-PCI, the Functional Assessment of Cancer Therapy core questionnaire with its additional prostate subscale, and the Short Form-36 Health Survey questionnaire (23).
Son et al. studied 179 men (72% African-American) who completed the EPIC-26 at 2, 6, 12, 18, and 24 months after IMRT, and found no significant difference in the global score by 24 months with only a statistically significant decline in the frequency of erections (24) . These differences in findings are likely secondary to our study's larger sample size and multicenter design leading to a more heterogeneous and generalizable patient population.
EORTC 22991 randomized intermediate and high-risk localized patients to RT or RT and ADT. HRQOL was assessed with the QLQ-C30 and the QLQ-PR25. Hormonal treatment symptoms, sexual activity and functioning scales were clinically significantly impaired at 6 months and 1 year, without any marked difference between the arms from year 2 onward (8).
The current study provides useful insights for clinicians. Tables 2-6 and Figure 1 may be useful when counseling patients on the side effects from the different types of radiation therapy. Comparing baseline versus 24 months, 24%, 23%, and 30% of participants receiving EBRT plus NADT shifted to the worse dichotomized category for the ability to reach an orgasm, quality of erections, and ability to function sexually questions compared to 14%, 13% and 16% in the EBRT group, respectively. Comparing 6 months versus 24 months, there was a statistically significant improvement in the ability to have an erection, ability to reach an orgasm, and the frequency of erections which may be helpful for reassuring patients at their 6 month follow-up visit. Since the effects of NADT may be decreasing after 6 months for most patients, these comparisons suggest that NADT has a greater impact on the ability to have an erection and the frequency of erections, that both NADT and EBRT impact the ability to reach an orgasm, and that EBRT has a greater impact on the ability to function sexually.
For the hormone/vitality question regarding lack of energy, compared to participants receiving EBRT, more patients receiving EBRT plus NADT were in a significantly worse dichotomized category. Although the majority of patients received 6 months or less of NADT, these findings were still evident at 2 years. In general, for this question (Figure 1f 
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Author Manuscript participants who only received EBRT remained stable, while those who received EBRT plus NADT had about a 30% absolute worsening, followed by a 15% absolute improvement at 1 year and a further 5% absolute improvement at 2 years. Interestingly, changes over time were not statistically significant for hot flashes, breast tenderness/enlargement, feeling depressed, and change in body weight. There was only a 44.4% power to detect an effect size of 0.5 using the sample sizes of 14 participants in the BT plus NADT group and 271 participants in the BT group with a type I error of 5%.
One of the potential confounding factors in this study is that the length of NADT was not controlled. However, we limited the length to NADT to 12 months, and most participants received 6 months or less of NADT. The National Comprehensive Cancer Network (NCCN) prostate cancer guidelines suggest considering 4 to 6 months of ADT in intermediate-risk participants undergoing external beam RT, and 2 to 3 years of ADT for high-risk participants undergoing external beam RT (25) . This may explain why HRQOL for the entire group reaches a nadir at 6 months.
CONCLUSIONS
Compared to baseline, at 2 years participants receiving NADT plus EBRT compared with EBRT alone had worse HRQOL, as measured by the ability to reach orgasms, quality of erections, and ability to function sexually. However, there was no difference in the ability to have an erection, frequency of erections, overall sexual function, hot flashes, breast tenderness/enlargement, feeling depressed, and lack of energy or change in body weight. The improved survival in intermediate and high-risk patients receiving ADT and EBRT necessitates pre-treatment counseling of the HRQOL impact of ADT and EBRT. Figures 1a to 1f show the 6 statistically significant question comparisons, respectively: frequency of erections ( Fig. 1a ), quality of erections ( Fig. 1b ), ability to have erection ( Fig.  1c ), ability to reach orgasm (Fig. 1d ), ability to function sexually ( Fig. 1e ) and lack of energy ( Fig. 1f ). Patient characteristics. 
